dilution requires optimization of the dilution factor as well as of a number of PCR cycles applied for the test. An improved procedure exploits the use of toe biopsies during animal tagging (Malumbres et al. 1997) . Proteinase K digestion of the toe releases DNA into the buffer, part of which is subsequently applied without further purification in PCR. Although this protocol is simple and the extracts are not subject to PCR inhibition, according to the authors, it still takes hours to complete and involves expensive reagents (proteinase K). This method could also be used on ear biopsies, in laboratories where ear tagging is the method of choice for animal identification. Apart from being elaborate, the methods described are all invasive, and thus contribute to the discomfort of the animals used in these procedures. Therefore several alternative methods have been proposed.
Small amounts of blood have been applied for preparing DNA samples for PCR analyses, although this also requires invasive sampling (Winberg 1991) . Amongst noninvasive methods, saliva samples (Irwin et al. 1996) , stools (Broome et al. 1999) , epithelial cells from the rectum (Lahm et al. 1998) and hair (Schmitteckert et al. 1999) have been used. Recently, the application of a commercial kit for DNA extraction from human buccal swabs to testing laboratory mice has been reported (2002, in the newsletter of Epicentre Technologies, Madison, WI). Independently of the latter, we adapted a non-invasive, cheap, fast and very simple method, using buccal epithelial cells from mouth swabs. Following alkaline lysis and neutralization of the harvested cells, the crude extract was applied directly to duplicate PCR testing. In our experience, these DNA extracts do not inhibit the PCR process, even when they make up as much as 80% of the PCR volume.
Materials and methods
Buccal epithelial cell sampling For cell sampling, thin cotton sticks with only 2 mm diameter buds (aluminum shaft 0.9 mm ϫ150 mm, Applimed SA, Châtel-St-Denis, Switzerland) were found to work fine. A firm grip of the neck skin kept the mouth of the mouse open and accessible to allow forceful inner cheek scraping. Following scraping of both inner cheeks, the cotton stick top was bent over the top of a labelled polypropylene cryotube, clipped 4-5 mm from the cotton bud and dropped down into the tube (we use 4.5 ml cryotubes with a screw cap from NUNC A/S, Ruskilde, Denmark). While sampling, each tube was placed without fitting the screw cap in a rack, to allow the cotton bud to dry up before fitting the cap. Mice sampling was always initiated by a mock sampling. A clean cotton stick was swept without touching over the cage with the mice in, bent and clipped over a cryotube, and the tube now containing the supposedly clean cotton bud was left open throughout the entire sampling procedure of all the mice to be tested.
This mock sample was treated as a true sample throughout.
DNA extraction from cotton buds
Each cotton bud was transferred into a 2 ml microcentrifuge tube using a clean pair of forceps. 0.6 ml sterile milliQ water was aliquoted into each microcentrifuge tube, and the cotton buds were allowed to soak for 5-10 min while the tubes were rotating on a suitable device. Then the tubes were vortexed thoroughly (or stirred by flicking them repeatedly) and centrifuged briefly in a microcentrifuge. Each tube was opened and the cotton bud was removed and disposed of while care was taken to leave behind as much liquid as possible by pressing the cotton bud against the interior of the microcentrifuge tube. The released epithelial cells were precipitated by centrifuging the tubes at 1200 g for 5 min. A vague pellet was visible in each of the tubes at this point, except for the mock swab sample. Water was pipetted off while taking great care not to disturb the cell pellet. Then each pellet was resuspended in 28 l 0.1 M potassium hydroxide (freshly prepared) and incubated for 10 min at 75ЊC on a heating block, while the tubes were covered with a piece of aluminum foil to reduce condensation on the inside of the lids. To neutralize and dilute extracts 10-fold, 252 l 20 mM Tris-HCl (pH 7.5) was added to each tube at room temperature.
Polymerase chain reaction
The PCR process was a duplexed PCR; each PCR mix contained two different primer systems: one targeted a part of the lymphotoxin ␣ gene for positive control (423 bp PCR product, Table 1 ), the other targeted the transgene whose presence or absence was the actual genetic testing issue (the presence of this transgene was detected as a 640 bp PCR product, Table 1 ). The transgene construct we tested for was the bacterial lacZ gene under transcriptional control by the mouse myelin basic protein (MBP) promoter (Foran & Peterson 1992 , Drøjdahl et al. 2004 . We tested 30 l of each DNA extract in a total PCR volume of 50 l. Each extract was tested in duplicate. We used a hotstart Taq DNA polymerase, TEMPase (Ampliqon, Bie&Berntsen A-S, Roedovre, Denmark). This product is supposedly equivalent to Roche's AmpliTaq Gold. Since the extracts following neutralization with Tris-HCl contained a KCl concentration of 10 mM, we reduced the amount of 10× TEMPase buffer (500 mM KCl) from 10% to 8.8% of the 50 l PCR volumes to compensate for this. As the TEMPase buffer also contained 15 mM MgCl 2 , this reduction was compensated for by the addition of 25 mM MgCl 2 to the mastermix. We found that a final MgCl 2 concentration of 2 mM worked well in this duplexed PCR assay. Each of the four deoxynucleotides was present at 0.2 mM, and each of the four primers at 400 nM. 1.25 units (0.25 l) of TEMPase were applied for each 50 l PCR. Amplification temperature profile was 95ЊC for 15 min to activate TEMPase, followed by 36 cycles of 95ЊC for 10 s, 60ЊC for 20 s, and 72ЊC for 30 s. Gelelectrophoresis in a 1.3% agarose gel was applied for PCR product detection and identification.
Results and discussion
We used a simple and non-invasive method for obtaining DNA suitable for PCR-based genetic testing of laboratory mice. The method is based on a procedure described by Rudbeck and Dissing (1998) . These authors described fast methods for alkaline extraction of human DNA from various forensic stains as well as from small blood samples and from mouth swabs. Our method for mouth swab-based DNA extraction is a modification of the latter. A similar procedure has recently been published in a company newsletter, namely the application to DNA extraction from laboratory mice of a commercial kit available from Epicentre Technologies (Golas and Grod in Epicentre Forum Vol. 9, No. 2, 2002) . The kit is marketed for forensic testing. However, as the newsletter procedure is based on the application of a commercially available kit the reagents used are completely undisclosed. In contrast to this, our procedure is described in full and based on inexpensive and very common reagents present in any laboratory.
We found that it was important that the cotton sticks used for mouth swabbing were tiny enough for easy access to the inner cheek of an open mouse mouth. We found that cotton sticks with 2 mm diameter buds were suitable for this. We also found that the fitting of the cap on the tube holding the cotton bud too soon following sampling would sometimes lead to extremely low DNA yields, probably through the decay of sampled cells and their DNA content under humid conditions. Thus, we found it was crucial to leave tubes open long enough for cotton buds to dry up.
As an internal control for successful DNA extraction, and to detect false negatives caused by PCR-inhibiting compounds present in an extract, a set of PCR primers targeting a single-copy gene expected to be present in any mouse strain was designed. Arbitrarily, we chose to amplify a fragment of the lymphotoxin ␣ gene (LT␣ primers in Table 1 ). It was demonstrated that the primerset we designed amplified well in a duplex PCR format with our primerset for transgene testing (ASP640 and AAP640 in Table 1) .
Initially, PCR testing was undertaken using only 2 l or 10 l extracts in 25 l PCR, but this approach resulted in a high rate of absence of PCR products (as a minimum, the absence of the 423 bp PCR product representing LT␣). Doubling the PCR volume to 50 l and concomitantly increasing the tested extract volume to 30 l resulted in very reliable testing. Also, duplicate testing was undertaken (each extract was tested in two PCRs), and these modifications ensured reliable and unambiguous tests (Fig 1) . Band intensity may vary, probably as a reflection of variable sampling efficiency. So far, we have not observed PCR inhibition with the mouth swab-based DNA extracts. Irwin et al. (1996) used saliva samples for the identification of transgenic mice by PCR analysis, and collected the samples by oral washing with a plastic pipette. This is more difficult to carry out than our method of using mouth swabbing with a cotton stick for sample collection. Also, a second round of amplification was necessary for samples obtained from young mice in this way, since sample sizes collected by oral washing were inadequate (Irwin et al. 1996) . Collection of rectal epithelial cells (Lahm et al. 1998) or stools (Broome et al. 1999) are also described as non-invasive methods, but procedures are more elaborate, involving more reagents (Lahm et al. 1998) or even requiring commercial kits (Broome et al. 1999) . Schmittekert et al. (1999) used alkaline lysis and direct PCR analysis, as we did, but used hair instead of buccal cells. In our opinion, the risk of contamination of hair samples during collection is larger than that associated with the collection of buccal cells from the oral cavity.
In conclusion, we have adapted a robust, cheap and simple procedure for DNA sampling for the testing of laboratory mice. The procedure based on mouth swabs is used routinely in human forensic testing, and is non-invasive, thus it reduces the discomfort to the animals. It also allows for repeated sampling of the individual mouse, if needed.
